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SUMMARY 



PROBLEM- ■ r 

The advanced simulator for undergraduate pilot training (ASUPT) is 
a research Sevice designed for investigating the role of simulation, in 
the future undergraduate pilot training (UPT) program. For ASUPT to 
be effective in training research, the latest state-of-the-art instruct- 
ional features implemented with flexibility for research must be 
available. This report describes the Automated Instructional System 
designed for the ASUPT simulator. 

The development of the Automated Instructional System for ASUPT 
was based^ upon the research requirements for: (1) malfunction insertion, 
(2) variation of task difficulty^ (3) performance feedback, (4) demonstra- 
•tion ana replay,' (5) data recording, (6) instructor feedback, and. (7) 
m^euver sequencing. * ♦ ^ 

These requirements are maniNfest&d in the hardware and softt/are 
'developed for this advanced training system. - * 

« 

■APPROACH . . ^ 

The approach to providing the above requirements was one of developing 
the most sophisticated repertoire of instructional features ever included 
in a flight training simulator. The systems are designed to enhance 
the training effectiveness of the ASUPT and to j^rovide research capability 
in the advanced .training area. . C 

The Wjor components 4re an alphanumeric CRT system, 5 calligraphic 
CRT system, an addressable reel-to- reel audio tape recorder, a randotn 
access auolo memory drum, and an "interactive software package which 
permits th^ user to develop preprogrammed exercises. 

RESULTS ^ . • . / 

An automated instructional system was successfully developed for 
ASUPT. The system provides the instructor with tlje information necessary 
to exert simulator control and a variety of hardware and software 
insti^ictional capability; as such, t;He system represents one of the 
most important elements of ASUPT. 

f 

CONCLUSIONS ' \ ' • ^ 

\ ' : ' . • 

The ASUPT automated instructional system is perhaps^ the most advanced • 
training system ej/er developed for a flight simulator* The system is 
aptly suited for its role in UPT\ research. 



PREFACE 



This report is the ^th of seven volumes describing theTTdvanced 
Simulartion in Undergra^te Pilot Training (ASUPT) system development 
program. The seven volumes of AFHRL-TK-75-59 arenas' follows: 

Volume I: Advanced Simulation in ^Undergraduate Pilot Training: 
' ^n Overview 

Volume II:' Advanced Simulation in Under&radtiate Pilot Training: 
Motion System Development . 

Volume III: Advanced Simulation in Undergraduate Pilot Training:. 
G-Seat Development ' , ^ 

Volume IV: Advanced Simulation in Undergraduate Pilot Training: 
Aut^omatic Instructional 'System 

Volume V: Advaipced Simulation in Undergraduate! FlloT: Training: 
, Computer Image ipeneration 

*v 1 " t , 

Volume VJ: Advanced Simulation in Undergraduate Pilot Training: . 
'Visual Display Development ' ^ 



Volume VII: Advanced Simulation in Undergraduate Pilot Training: 
Systems Integration 

This project derived from a DOD Directive to 'the three Services - 
requesting programs ofi advanced development in the area of training and 
education. The purpose was to' insure that, military training and education 
make the fullest use of recent innovations and technological advances. 
In October 1967, a joint Air Training Cbmmand/Air Force Human Resources 
Laboratory effort culminated in a recommendation to establish an advanced 
simulation system at aA undergraduate pilot training base. Hardware 
development of the ASUIT began in 1971 and the system was r'eleased for ' 
research in Jan 75. 

y 

• All members of the ASUPT Program Office and participating organizations 
who worked on the progr^ contributed to the final system. In addition 
_ to the listed contract ponitors, they include Don Gum, ASUPT Program . • 
Manager, James Basinger, CIG Project Engineer, Israel Gutermap., Basic 
Simulators Project Engineer, William Albery, Systems Integration Project 
Engineer, Patricia Knoop, Advanced Traii/ipg Systems Project Engineer, 
Kenneth Block, Program Controller, and Virginia Lewis, Secretary, all of' 
the Advanced Systems Division, Air Force Human Resources Laboratory, 
Wright-Patterson AFB OH; Warren Richeson, ,Capt Frank Bell III, Maj Ray 
Fuller, Capt John Fuller, Capt Dennis Way,^ Capt Steve Rust, Capt Mike ■ 
Cyrus, aiKl Mr. Glenn York., all from the Fl'ying Training Division, Air ' 
Force Huaan Resources Laboratory, Williams AFB AZ. ~ '■ 
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ATP RESEARCH/EXPERIMENrAnOi: CAPABILI rr^S 

. The AIP p-rovides research a-nd ^ experiment capabilitr/ in th 
foilowinc a^eas: ^ ' . . ' ' > - ^ 

(1) ' Malfunction Insertion: ' System, failures nay be inserted 

autoraatically as V function- aimulator state variables. 
The capability is also incort)orated to apply stochastic 
variables oc^the cond^itions for insertion.. 

(2) Variation of Task Dii/ficultyf Task- difficulty can be 
varied by controlliu.i flight simulation fidelity, ■ 
-notio^i .system resp-onee, environmental conditions ^ and 
the fre:iuency and nuhiber of malfunctions. 

(3) Performance ^Teedbacli: Student feedback is provided via 
tv;o of the human .serlsory channels;, auditory and visual. 
A speech, retrieval System, manufactured, by Co^^nitronics , 
Inc., allows computer-controlled^4udio messages "to be 

. butp.ut to students via the head-se-t.^ Th^ in-oockpit 
CRT (Cathode Ray Tube) provides feedback messages 
generated' automatically or by the instructor. 

(^i) Demonstration and Replay: ^fhe demonstration capability 
permits student expo^sure to standarized, prerecorded 
demonstrations of flight maneuvers. In addition, stu- 
. . d'ent performance cah be recorded and replayed auto- • 
' matically ' ' ' ^ ' . ^ . . 

(5) Data- Recording: This feature ±^ designe^d to provide 
large amounts of performance 'data-^'f or detaile^d. analysis . 
D^ta acc^junulation' and, output can be up to^the maximum 
iteration rate of^ the .flight equations {as a. function 
of selected output device). Any one of sev^i:^al devices 
may be, selected as the output medium for this feature. 
Included' as output devices are the CRT, line printer, 

. fTY ( Teletypev/riter) , magnetic tape unit% and CALCOMP 
plotter. * - , . 

(6) Instructor Feedback: This capability is provided at 
the various instructor/operator stations. The display 
types and associated software were designed to provide 
a comprehensive display and control package, ^fhis 
package combines both digital and graphic representations 
of performance dath which can be used by experimenters 

to analyze problems. A hardcopy capability is associated 
with this system to permit retention of certain types 
of data for* debrief ing and analysis.- 

i 



(7) Maneuver Sequencing: Both manual and automatic 

man^<ive^ sequ.encing are provided' as 'p^rt of the struc- 
ture -of the ASUPT pr.eprogramming system. One auto- 
•matie mode pperates in- the absence of manual inter- 
vention and is called auto-explicit, sequencing. During 
this mode, the system s'6f-feiAfare ^ upon detecting maneu-^ 
ver end conditions^ prepares" for execution of the next 
maneuver in the^ sequence as defined during preprogram-'*^ ' 
•med exercise generation/ ^rhe oth^r automatic mode of 
se£iiencing,/auto-c6mpuiad^ determines which maneu- ^ 
,^ ver should'be 'practiced next 'as a result of past 
performance and predefined input data. This concept 
is described in more detail in the ^OFTOARE section. 



By using th^ preprogramming sysgX^^ during operatiora, most of^ 
the features listed above -can b,e impl^mente\3 automatically.. 
Other features may be implemented manually by 'the user at 'the 
Advanced Instructor's Operation Station (AIOS). fFip-ure 1 
Illustrates the;AIOS^CRT controls panel. The prebrogra 
. system^ allp;^^ the user to design, monitor,, and control conditions 
du^lng^a training^ercise whiQh may consist of up td^ twelve 
maneuvers- (exercise segments). Each' maneuver may utili::e anv 
subset or' all of the AIP features available ih the preprogram- 
ming system. — ■ ^ ^t..-^ <^ni 




F*igure 1. AIOS CRT„ CONTROLS PANEL 
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♦^x»' ra; i r'' • r;/r t»vri ip I'-ri.n'^d in -i li i tM"i r(di'i 1 rMruinor. i1)p 

hi t>"rt iri t h i ir 'h^^ ox^Tcirp^ whiidi j r ta-)fnpri/od 

or -1 r>'ri'a' ''/..rcir*^ r-- "lon'r, vdii'di, in tram, 'iV<' fay^npr.i i^'d 

oji.' (>r -Ma-'- '■ir^\'.. A K"Mr*> fvVn^'iinr Mio l-X'^ix 'KAIJ r t.-t t omojit r 
r"|Jir"J i r'lp '^'j'd; AIT T'^'itar'' l^or th-\l p't:P. '^MM-i^in 

ail } oa\a'r _"M,' h'» ■irr.i.u-i :'j<aN^ tdian on^* rorrn'Mit » 
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' All 'of these features combine to provide experiment capa- 
ciliT:y in Vne areas discasseJ 'onder AIP Research/Experimentation ' ^ 
Cababilities • Flexibility is a-key v;ord associated with this 

• sysreft, as very little' predefined structure is required. 

' HAPDWARE ' \ ' ' * ' ^ ' 

. " The follov/ing paragraphs provide an overviev; of the hard- > 

v.are systems associated with the ASUPT automated instruction 
system* 

Alphanumeric -(A/N) CR'? Display Syste:m ^ ' . ^ 

The A/:i TR: display is a raster type display capable of^ 
simalt^neously displayin.^ 3^b^ characi:ers in one of seven color^^ 
' Iz is also possible, through. the use of special graphic charac-^ 
ters^ to cons tract a 'Vraphic" imag€ with this system, "^liis is 
a m^^lti-chann,el system consis,ting of five totally-independent 
channels one channe^J.' for each of the two cockpit CRT displays, 
tv;o channels for the two-color displays at the extern,al AIOS, - y 
apd one-c'hannel for ^ the hardcopy deyice. 

The A/\i CRT display syst/sm is built by Aydin Controls, Inc ^ 
and i-fif cojifrguf^ed with two display generators; ^one driving three 
monitors^, * apd the other driving two monitors/ The 'display 
gen^ators are interfaced to a single SEL 86 data terminal through 
a multiplex/interface unit,* .Each display generator^has refresh , 
memory ?56r .each monitor. A Tektro^nix 4620 vide6 hardcopy emit 
is driven thrpugh. video switching ci;rc^its by .display -g-enerators . 
Figure 3 illustrates the 'alphanumeric* CRT display system. 

' Graphic Display^Sysiem ' , , 

^ • J , ' ' . ' ' * * 

'The graphic^' display system used for the AIOS was mahufactured 
by Vector General, Inc. This sys^tem has 'two disfSlay tubes driven 

* by a single display ' genera*tor. The system is interfaced to the 
SEL 86 via a dual data, terminal approach* On one channel, the^ 
data channel^ seriaj data" for' display instructions^ is transmit- 
ted at the required refresh rate. The rate is derive^ through 
a' clOQk-interrupt system -V/ithin tke displa/ generator with the 
interrupt's being transmitted to the SEL. 86^ over the Input/Output 4'^^ 
(•i/0) channel at 't^e- rate of 120 per second. The refresh rate 

is controlled by software' v/hich counts down for the appropriate 
rate. Figure 4 illustrates, the graphic displ,ay system.^ 
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Audio Feedback System 



An audio f eedback^unit manufactured by Cognitronics , Inc. 
is .provided to generate audio messages-. -The messages are gen- " 
erated fr^om 189 indiVidually-stored words which are randomly 
_ addressable. ."he system can output on two audio channels, one • 
per -cockpit, simultaneously. Since only one memory source is 
available, multiplexing is us'ed to derive the desired word during 
eac)i word time. Although all the stored words are output at the 
same time, the switching logic operation insures -^lat only the 
audio amplifiers 'associated with the desired v?ora j'o.r 'each chan- 
nel are turned on,- Therefore, there is 'only one word output 
per channel to each cockpit, during each word cycle,. - Figure 5 ' * 
illustrates the aadio feedback system. ,■ 

. Compater Controlled Audio Tape- System . ' ' 

This system consists of a time code ,reader/gerterQtdr ,• a 
tape search .mit, and a reel-to-reel ■ multi'-channel aud-io-tape, 
recorder. 'The system was manufactured by Eldorado Electro-' 
•data System, inc. It is used to provide descriptive audio . 
dialogue in con.j'unction with and , synchronized with performance 
demonstrations. During the record operation, high-frequency 
^ time code-s are written on one channel of the tape, while audio 
IS being recorded on another channel. A single tape will, then ' 
have several audio briefs associated with specific demonStr^,|;ions . 
.Each has a specific time address, and when requi.^ed for r'splk^. \ 
■ the tape search portion of this system is given the address t)i|v " 
the demo software, and automatically searches and positions -^m'^V 

tape to the correct address . . . . ^ _ - . , . . 

controlled tape system. 



Figure 6 illustrates the compUte?^?§J5j. . 
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^-^c. AT?> TVatures discussed earlier in this report, the - 
a.soSatefhard^are are coordinated through a complex sgj^re 

-4^?^ Dackace takes advantage of many 'Of the 
package", pis P|J-^^§f- JJ-^tem- s\ich Is background proces-sif^i;, 
features of tne S^L 86 s^ t^aragraphs discuss A 

?r^i^!-~^^«nnroaches use^ fSr the automated instructional sysf^^ 
the design approaches usea loi unique solutions are-. 

elements* 
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'|A:phan.ir.eric Display Systez 



i ^^'^ -^''or innovations o'^"^ -bo c.ir.u . 

-f. ?iOprarr.s. to dIo- si-hi a-Qv^/c=~M°o;'f (•:^an^al page preoaration ) , 

^P- da-a p'ool variables (dat^ reco???n~ ? display of 
-:3d provide record/clayback of tJ?n?;^^ system , and pro-rams ■ 
■'o'&dk syste.r.). • ^ -raining exercise ( recoivj/piay- 

- < r- ■ - " \ 

prokra^s to jinera-t'e'Ae.-^S-'p^^Ts''^^,^^^^^'^^ ^^^'-^ire off-line 
P-^oposal re.raire-ents '-s li^ ' -"^o^'Sver, one of the ASirp- 
.tailor the content o1 u^'.o^o, %^^^^!,!^-^^^f'<^S to sel-ec^ivel, 
r.3f:^ns cf variables -ot -or^^^ii-- '° -"^or co-nbi- 

3-nJ,.-sele6tacle ,^.,:\,;°:3V°^-\^l^^^?°l^;^ained-r on^^ of the stand- 

°- -a^iatles and a io-1s°L"-S •.'''^^'''^ ^'-'-^ identif^y '■ 
2^-03j variables -..-hich ther?^'s--rK -^o^h' '"^^^'^ '^^^"'^ '-'^^^ i^st ^ ^ 
^r.e.:o,r constr^ctible pagesT ''^ displayed on 'one of 

na.ef fv:L?^vra^d^1:'-:J°^i^ ^ reco,ni~able symbolic ' 

:ic\\^^?7r^ information r.lS°bTAe\^°LS5™^\°?-^° ^^^^^^ 

existed (i.e. SYmESok decislo^'^r'' '5' "^^^^^ dita. Sso 

interface software to geneLtfafl ?in? ""^^^ ^° '-^ser 

S'^-'^T""^ i"^l'-^-^i"£ those Laaired'a'T?'^ ""P^ P^^^^ 

mg package allov;s the u^^er ^n ^ii \ ^ delivery. The result- 

Pages or .-modify anv exiif^L -^^^rate new alphanumaric CRT 

''.^ 3wtSl5nS'^LS^"^J^2?P-.- associate. -//B 
whether ^ontro^'lf dislred ""^'.'^^P^P^^S °" 

The^seleete. sec t^o^-f^^Se^^Jo°h^th\^;l?i , , 

l'L:h{!^ ''r;?e%e'?eV?!rswi?T^^\^ ^^^^^ ^^^^^ -^'itch- 1 
the lnaex le!"e trni\;^^^^^^^^ and I., 

representing^ each mann^T n.S ^^L"^^^ ^^"^ identifier-i 

are 1x8 pages following an ind'x and ?n';^' /•^^''^ / 
v/hich fj^n hr. f^, ina.x and instruction n^rro 



Which can-be '.^5° ollspljf '^instruction pa,e 

^-j-bpiay up to >jO parameters each 



(4) a 



vociri, ovr-e tr.o Vti^e i jieritir'ier of desired pa^!©? 



: then ;ierre3G jhifv lioy -^^nd YJAl'i P- PAOE ^v;itch 
f'^-bo^'-^ ^evbcjrd), 'V- s'^-lected r-a 'e v;ill apcear on 



.er.^ jallin/ a iist.lay i-'i "e froV the index, the '\3nual pa^e 
■jci'-;.ai^e ^h'xnrei the nature' of the ''\ F f pa:e so that rara-ieters 
::.ay be ,iisplayei end chan^-ei^ liir r.odificiation of the control 
\.0T': rrecl'iuos the use of ai'^^rinr ogtipn, available on other 
•:yres" of v^.'es^ v;hen join; f_rori the ^^r/ial pa,-;e index to a dis- 
/piay pa Tl^az option is transmitting, of a plas si^^n to 

;var:c3 one n3^e or a ";.irias cirn to "back up one oare. This 
ortlon m3y be ;seJ only betv;een iisplay pares. 

The v^al -e of ^; . ar*:ic ^lar rar-^^r.eter on a selected pare may 
le :hanre1 e^r erlnr- the follov.in' 'jontrol £:equen'je oh the 
kevr,09rd: 



vrnere A is 3 tv;o-dirit parameter line nio^iber and B is the 
desired value. 

• :o chenre the value for both cockpit A and cockpit B at 
the same time, enter the follov/inr sequences on the keyboard: 

A1:A2:B 'Xia"-^,. F*aE ' 

V.hiere Al is the 'I'irie num.blr of the cockpit A variable, A2 
i^ the line number of "^^e cockpit 3 variable, and B is the de- 
sired vaL^e. 

A boole&n value may be changed in the above sequences by 
typing INS or DEL in place of :b. 



The manual page preparation programs provide the operator 
;;ith a means of .generating or changing any CRT page provided ^ 
v/ith the AG'JPr simulator. . The page Is generated on the CRT 
which displays 'inputs from the keyboard. 

The CRT page may be made up of any combination of fixed 
v/ords and phrases, and- computer-supplied responses. ^Ihe page 
format has the following limitations: 

(1) ihe first line and last three lines' must be. 'blank. 

' (2) Space must be allov/ed for ten digits of computer- 
supplied values. ' 

(3) rio more than 8o computer responses can be placed on a 
CRT page. ^ "1 * 

22 " 
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Upon selection 'Of the MAN PAGE PREP switch, as previously 
described, an index of all manU'ai pages (figure 8) will appear 
on the selected CRT. Select pagS 01 PAGE GENERATOR by typing 
the following on the keyboard: !^ 



01 'XMIT P.PAGE 



The manual page index page will be replaced by -a set of 
instructions shov/n in figure 9. " 



sequ 



Select the desired page to be generated by typing a contro' 
ence of the following:' form: ' " ' 



A:3:l > ' 

1 



A is a one or tv/o digit numeral 'designating the desired 
A/N PAGE SEL switch namber. The swjAches a^-e assumed to be 
numbered f rom -1 to 2? (top to bottom, left to right). There 
are two exceptions to this rule. Procedures sequence monitor" 
IS assumed to be switch 35 'and the cockpit CRT index is assumed 
to be switch 36. 

B is a one, two, -or three d^git n'umeral designating— the 
particular page number of the above group. ^ Page numbers begin 
at one and .continue through a three digit number unspecified 
as far as this jjrogram is concerned. The number,' however, mav 
not. be greater than 125. . . 

Insert the coij-trol sequence by keying 'XMIT P.PAGE'. 
Example: 

» 

' •» It is desired to change a malfunction on the third page 
of the malfunction group of CRT pages. 

Type Xn 10:3:1 'XMIT P.PAGE' 

Where 10 is the number of the MALF INDEX'^switch 
and 3 is the third page of the group 

Once a page has 'been selected for change or generation, 
the program will enter a generation mode. While in this mode, 
the instruction page will be displayed on CRT 4 (the second 
A/N CRT at the AIOS which .displays pages) and the page being* 
changed or gener^ed will be displayed on CRT 2 (the A/N ckT 
which .displays keyboard entries at the AIOS). Keyboard control 
will automatically transfer to CRT 2. Any keyboard entry from 
the ATOS while in the generation mode will be^ processe'd as an 
entry to CRT 2 and will be accepted as a CRT page change. 




< <> 

MANl/AL PAGE INDEX (11-01) 



PAGE NUMBER TITLE 

• ,01 ■ ' PAGE GENERATOR INSTRUCTIONS ' 

02 FLIGHT ACCELERATIONS 

03 • ' 'PRATT'S PAGE OF PERTINENT PARAMETER'S, 

04 » ANTON'S AGONY ' . - - 

05 TOMMY'S TRIALS AND TRIBULATIONS 

06 EXEC PARAMETER AND MING DISPLAY 

07 FLIGHT'S FABULOUS F^K OF FUDGE FACTORS CPT A 

08 • . K-FACTOR TEST PAGE 

» 09 . RECORD PLAYBACK PARAMETERS ' 

10 . PREPROGRAMMING "PARAMETERS 

11 AUTO COMPUTED SEQUENCING DATA PAGE 

12 . ' AUTO COMPUTED SEQUENCING TEST PAGE 

13 FORMTION FLYING PARAMETERS 

14 FO'RMATION FLYING - EMULATOR 

15 . , ■ ^ 

16 TEMPORARY CHECKS 

17 " , AUTO COMPUTE TASK SEQ OPT B 

18 AUTO COMPUTE TASK SEQ CPT A 

19 . MESSAGE PAGE 

20 MANUAL PAGE TEST. PAGE ' i 
21- * SIMULATOR/CIG INTEGRATION 

22 SIMULATOR/CIG INTEGRATION LOGIC 'FLOW 
23' 

24 MESSAGE PAGE 

25 R. BLACK TEST PAGE 

■ V 

TO SELECT PAGE J ENTER PAGE NUMBER AND 'XMIT P.PAGE' 



Figure 8. MANUAL PAGE INDEX PAGE 
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MANUAL 'PAGE PREPARATION IN&TRUCTIONS ( 11-01 f 
KEYBOARD ENTRIES TO THIS PAGE AJ^E OF THE FORM: 



A:B:1 'XMIT- P. PAGE"^ ' ' ^■ 

A JS A ONE OR TWO DIGIT NUMERAL DESIGNATING THE DESIRED A/N 
PAG* SEL SWITCH NUMBEIH SWITCHES ARE ASSUMED TO BE NUMBERED 
1 TO 27, TOP TO BOTTOM. . m xm:^. 

^AGE OF^rHE ABO'/E^GROUP^^^"''*^" NUfffiRAL DESIGNATING THE PARTICULAR 



ALL INPUTS AFTER TRANSMITTING THE ABOVE Ct3NTR0L STRING W^LL BE 
DECODED AS- CHANGES TO THE PAGE DISPLAYED ON CRT 2. ' 

MOVE THE CURSOR TO THE DESIEED LOCATION. 

EXCEPT WiffiRE COMPUTER RESPONSES ARE -DESIRED, TYPE IN WORDS 

AND PHRASES EXACTLY AS YOU WISH ^fflEM TO APPEAR ON THE COMPLETED 

n2^™nTrS^?^°^^^^.^^^ DESIRED, ENTER THE PROGRAM SYMBOL^ 
(^J™ WITHOUT A LINE NUMBER) PRECEDED BY A 'START XMIT- AND 

Y2S?^m^Tr,fr^ l^T. LEA^ BLANK SPACES BETWEEN -START 

XMLT' AND 'END XMi\'. LEAVE A BLANK SPACE AFTER 'END XMIT'. 

NTTmORE THAN EIGHK^ C0MPUTER_J?ESP0NSES MAY APPEAR ON ANY ONE 
PAGE. 

•'XMIT P.PAGE' to/ TRANSMIT YOUR COMPLETED PAGE TO THE COMPUTER. 

^rJ^r^'^^^^FT^,,™^ P^^^^ CHECK THE RESULTS FOR ACCURACY. 
iLJ5^ '^^^ "ERROR" APPEARS IN.,A COMPUTER RESPONSE AREA, AN 
INCORRECT PROGR/AM SYMBOL HAS .BEEN ENTERED. RETURN TO THE GEN- 
ERATION MODE FOR CORRECTION BY TRANSFERRING CONTROL TO CRT -4 ' 
AND REPEATING tHE CONTROL SEQUENCE. 



Figure 



9. MANUAL PAGE PREPARATION INSTRUCTION PAGE 
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;here aye* z\\c wayc to return to normal operation from the 
.'cneration \^0'lei One i's to' permit the rener-^tiion^ pi'ooes? to 
run lo completion, ( Hie process muai be allov/ed to run zo ' 
completion, once XMI r P.PAGE switch has been ^Jepressed to pro- 
cess the rormat':ed pa;:e.) Ihe second is to-depress dnoT-hej?'^ 
sv;itch ^in ::he A/:i PAGE SEL matrix anytlfne durin::: CRi pa^^e chanre 
except when blinkin^,o messa.je FAgE PROCESSING 5N PROGRESS 
appears on GP ?. ^ . • " : . 

Gomputer-supplied ' responses are obtained ,by depressln,-^ 
star: XMI: switch^ .typine* in the^ computer pro^s^^ symbol^ 

• 'and then depressine^ the EIID XMI ; sv;itch. These requests for 
computer-supplied responses may take one ^of - tv/o ' forms : 
numberei or unn'xmbered . y:xmbered requests v;ill be filed in 
>a table in a specified order, so that they mray be operated upon 
later by other routines. The nam.ber must have two -di.-^its and 
be enclosed 'in the^ s^.me S:AR:'XI':i? and EW XMI T sequence as 
the pro-^xram symbol. 'No spaces are pei^mitted ' between the n^im- 
ber an^d the symbol', in 'fact no s.paces are allowed anywhere • 
between STAR: XMIT and ^EIID XMI A space. must be provided 
after the EIID XMIP;, h^^ore the next word. A space will be sup- 
plied betv;een the number and computed value by the manual 

- pa^e p'royram. Some parameters do not have pro.^ram symbols ^ie- 
fined in the symbol dictionary for both cockpits 1 and 2. ^ In 
any case^ thfe symbol for cockpit 1 preceded by a / v;ill define-^ 
the parameter for cockpit 2. . ^ . ' 

Figure 10 illustrates creation of a page^ and figure 11 
illui^rates how the page created in figure^ 10 displays values. 

«• 

J/Jhen the manual page program has completed processing the 
information transmitted to it by XMIT P. PAGE ^ it wilT display 
the generated page with' all computer response areas blank 
(the proce^'ing may take more than one minute). If an undefined 
program symbol has been detected ^ tliB word ERROR will appear 
instead of the blank area. ERROR will become a permanent* word 
and remain on the page until the operator takes appropriate 
action to correct^it. 
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Figure 11. DISPLAY OF CREATED PAGE -. 

. ■ In. general terms' -the program proces-ses the informfetion by 
looking. up uha symbol in the symbol dictionary to find its ad- 
dress, type, ..precision, scale factor, etc., as appropriate. 
5* files this information in an eighty double-word table as- 
signed to that particular page. TKis implies two things. Pirst 
the information in the symbol dictionary must. b§ complete, ac- 
curate, ana as specified by ASUPT-74. Second, no more than 80 
computer response^may be, requested for any page. 

^ The computer res^Donse information is placed into the table' 
by separate schemes for. numbe:^ed and unnumbered entries. Num- 
bered erjtries are- placed in the table* from the top down in their 
numbered spot. TTae unnumbered entries are placed in^ the table 
from the bottom- up according to the time order in which they are 
prd?;essed it is' -therefore important that when 'both numbered 
,-^nd unnumbered computer responses- appear on a page together . 
the nu^nbered items stairt around 01 ^d -advance through the ' 
lov; numbers. , , r > ; ' ^ ■ . 

, >' 

CRT Plot - TTae graphic plotting capability is innovative in 
that the user can comp-letely define up to two separate plots ' 
a?t one' tim'e.from the keyboard. TJie user simply enters the plot ' 
mode and entei:s a series of symbols. 'identifying the follcrwing: 

.(1)*" Symbolic n^me of the ordinate variable; 

_ - (2) R'ange "to be plotted for this variable; ' ' / . 

: (3) Symbolic name, of the absissa variable; 

■ (4) Its 'range. • 

'The software then constructs the axes, labels each, 
and displays the - range '-along the appropriate axis. The user 
then, through the use of the keyboard', starts and stops the 
plotting as- desired. (See figure's 12 and I3.) 



' CRJ PLOT 

PLOT MAY BE OPERATED ON CRT 2 OR CRT k ONLY., 

ANY DATAPOOL VARIABLE MAY BE PLOTTED AGAINST ANY' OTHER DATA- 
POOL VARIABLE. ONE OR TWO PLOTS MAY BE OPERATED SIMULTANEOUSLY. 

PLOT DEFINITION IS OF THt FOLLOWING FORM: \ ' ^ 

A*X/XMIN:XMAX: Y:YMIN:YMAX:B 

V/HERE . - ^ • . 

A -IS THE. PLOT NUMBER (1 OR 2) 

.X IS THE PROGRAM SYMBOL OF THE X-AXIS VARIABLE 

XMIN IS the: LEFT LIMJT OF THE X-AXIS 
XMAX IS THE RIGHT LIMIT OF THE X-AXI5 
.Y » ■ IS THE PROGRAM SYMBOL OF THE Y-AXIS VARIABLE 
,.YMIN IS THE LOWpR LIMIT OF THE; Y-AXIS ' / ' . ; ^ - 

YMAX IS THE UPPER LIMIT OF -THE Y-AXIS . ■ , ' 

B' IS AN OPTIONAL PREi^ECORDED .DEMO STANDARD NUMBER\(3 

DIGIT) • ' ■ 

COMMON PROGRAM SYMBOLS MAY BE FOUND IN TABLET 2-1/ PAGE 2-l4, OF 
the'' AIOS positional HANDBOQK. use the SYMBOL NAMES AS GIVEN FOR 
COCKPIT A; PRECEDE- THEM WITH A V" FOR COCKPIT B. 

AXIS l^lMITS MAY HAVE UP TO EIGHT CHARACTERS INCLUDING SIGN AND 
DECIMAL POINT. BUT ONLY THE 'FOUR MOST SIGNIFICANT ONES WILL 
.APPEAR ON THE PLOT. "MAX" NEED NOT BE GREATER THAN "MIN".. 

ENTEl^ "XMIT P.PAGE" AFTER DEFINING EACH PLOT. ' ' . 

•ENTER "INSV AND "XMIT^P.PAGE" AFTER TRANSMITTING THE LAST 

definition: ^ , * ^ 

if an illegal program symbol is found' in eithep, both plot 
definitions must be re-entered.. ■' . " 



Figure 12. CRT PLOT INSTRUCTIONS 
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'This capabili::y" l3 also available .auoomatically via 
prepro^raamed exercises ^ as described in the ASUPF preprogram- • 
rners 'ruide. Operation is exactly, the same^ but instead of the 
• plot appearing: on one of the display tubes ^ it is r^enerated on 
the fifth display system channel. /Jhen the plot i^ completed^ . 
a hard copy is automatically provided. 

The hard-copy unit has pro'/en invaluable for data col- 
lection. A copy may b-e made of any operatin^^ disp^^lay from either 
of the tv;o alphanumeric CRT's at the -AIOS. 

Data Recording System The Data 'Recording System consists 
of^ tv;o* elements ; an overlay program v;hich performs the real-time 
sampling of specified '/ar±^$5^^^^^^nrx stores data to disc file/ 
and a non-real-time^ lo^^'^priority forerround task v;hich fetches 
data from, the disc file and displays it on the specified output 
device. The system may^be invoked either manaalTy or auto- 
matically. (See f'ii^ures 1^ and 1^.) 

?he manual oceration of the system may be performed for 
teletypew.riter (Ty/), ^RT or card reader. The PTY and CRT " 
commjunication is interactive. Firsts the user is requested 
over the CRT to input the type of output device. After the 
type of output devjjM^ has been entered /the CRT v/ilL request 
variables to be sampled , then rate of sampling^ and finally 
duration of sampling. rhe prograr^i constructs a data manage- 
m.ei't block which contains all of the input information ^^plus 
additional information about the variables^ 3uch as the 
absolute address^ type (integer^ logical^ -etc.)^ precision 
(byte^ 'halfv/ord^ etc.)^ and if applicable the scale factor. 
_ Once the data management block is constructed ^ it is stor'ed 
in the first block of disk file. 

The automatic operation of the system is available through 
the preprogramming system. Ivhen a preprogrammed data re- 
cording subroutine^ is defined^ the user must insert into the 
FORTRAN subroutine* identicals^input data as described for manual 
operation. (This is illustrated in the paragraph which discus-< 
ses Preformatted- pages ) . V/hen tha subroutine is exeT:uted^ -a - 
non-real time; program is invoked which performs the building 
of the data management blocks and then activates the overlay 
program to perform the sampling. The manual , card reader 
mode of opejation parallels the 'automated mode. ^?he user 
duplicates the, data recording subroutine onto cards and 
activates the intermediat.e program described above. From 
that pointy the process is identical to automated mode. 

The non-real-time program pei^orming the display function 
of the system is activated automatically by the overlay pro- 
gram after sufficient data has been c'ollected. 'The user has 
control of non-real-time program with sejn3e switches. The 
program reads the data management block Ifrom the disc file , , 
and proceeds to convert and output data to' the specified de- 
vice. ^ Output devices available are the line prpmter^ TTY^\ 
• CR.T^ or plotter. Figure l6 illustrates the outnut from a ' 
Q Mne printer. . ^ ' 
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•MEDIA IS AN RTM PROCESSOR WHICH IS USED TO MOVE DATA FILES 



Figure 15. DATA RECORDING HARDWARE/SOFTWARE INTERFACE 



Record/Playback System - The Record/Playback Systfem pro- 
' vides the capability of recording and^playing back a pol^tion^ 
or all^ of any training exercise. The data is recorded at a 
fixed rate. However^ the playback is available at the normal ^ 
rate^ fast (twice normal) rate or slow (half of normal) rate. 
Hie system utilizes tfie magnetic tape unit {MTJJ) and the 
audio tape unit (ATU) 'to perform its task. The data which is 
recorded^allows the playback of a-ircraft position^ environment 
flight characteristics^ and positions of controls (see figure 
17). ■ 

I i 

The system provides the capability of estaljlishing a li- 
brary of automated demonstrations which a^ created by in-* 
structor ^pilots and used to demonstrate, to the student proper 
procedures for performing particular maneuvers T)r exercises.' 
The students' performance may also be^ecorded and played back 
^ as an .additional provision. SP\ 
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DEMO STUDENT PLAYBACK 

; . A . . . ' . -DEMO LOG- B. 

#SEG ' -P-ITLE • • #SEG TITLE 



Tim, REMAINi:iG 75 TIME REMAINING 75 

•STATUS OFF - STATUS ' OFF 

".TO PLAY. BACK THE STUDENT, ENTER 1:A:B 
TO PLAY BACK A DEMO, ENTER 2:A:B:C:D 

TO TURN OFF, ENTER 3 

TO RECORD A DEMO, ENTER 4:D 

TO LOG A DEMO, • ENTER 5:C:E ' 

\fflERE A IS THE SEGIvENT NUMBER (0 TO 9-) 

B IS THE SPEED, 1/2/3 - SL0W/N0RI4AL/FAST 

C IS THE THREE CHARACTER DEMO NUIffiER 

D IS THE AURAL REQUEST, 1.= ON, 0 = OFF 

E IS THE TITLE, (MAXIJ4UM OF 28 CHARACTERS) 

WAIT TO UNFREEZE AND START DEMO UNTIL STATUS IS "READY". 

• 'i 
WAIT TO LOG THE DEMO UNTIL S^^ATUS REUTRNS TO "OFF". 

CAUTION: DO NOT "TRANSFER lOS 'CONTROL DURING RECORD OR PLAY- 
BACK." • ■ - > 



Figure 17. DEMO RECORD/PLAYBACK DISPLAY 

The primary difficulty encountered with implementing this 
system wae the development of a recovery scheme when specif^ic 
MTU errors occurred on playback. The procedure established 
consisted of saving the data blocks (initiation buffer^^ discrete 
input (DI) variables and analog-to-digital (A/D) input vari- 
ables) in a core buffer before eaph tape read request. *If 
the MTU handler detected ahy of a particular set of device 
or data control ^channel (DCC) errors^ ^the saved buffer was 
restored to the data blocks. 

0 

The record playback system may be implsmgnted either manual- 
ly^ via CRT^ or automatically' through the * preprogramming system. 
Figure l8 illustrates the system^ s hardware/software inte!lrface. ; 
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RECORD/FLAYBACK SYSTEM HARDWARE/SOFTOARE INTERFACE 



Graphic CRT Display. System 

Th6 -graphic display system incorporated - at the AIOS pro- 
vides five types- of displays; cross-coimtry ^ ground-conorol- 
led approach (GPA), formation flying, spatial/ and text trans- 
lation (TEXTRAN). These displays- are used primarily to por- 
tray performance patterns. The following paragraphs describe 
these displays. 

Cross-Country Display - This display provides two modes of 
operation: one, an airfield-centered mode, and two, an air- 
craft-centered mode. In the former7 airport ^nd navigation 
facilities remain. fixed on the screen, and the aircraft (A/C) 
symbol moves, leaving a ground track. In the latter mode, the 
A/C symbol remains at the center , screen while the navigation 
facilities move. Construction of 'the tesic image and fre- 
quent,. pe3?3odic reconstruction in ^th^4A/C-centered mode, re- 
quired innovative approaches to pxctwr^ ponstruction or display 
list generation. The first problem encountered was related 
to the wrap-around phenomenon. Some airways terminated out- 
side the image area, of the display system. The XY CRT co- 
ordinate of the end of- these airways has to be within this 
area, or spurious lines would appear on the CRT screen as a 
result of wrap-arouftd.' 

30 • 



A simple procedure is used to determine the intercept for 
line segments extending beyond 'the CRT display area. The 
octant in which the out of bounds endpoint lies is determined 
(see figure 19). If the endpoint lie's in octant 2 or 6^ the 
Y-coordinate is set to Y-axis upper bound (YUB) or Y-axis 
lov;er baund (YLB)^ respectively^ and the X-coordinate is 
computed as: . 



x: = X 



o 



(Y' 

AY 



o^ 



V/here: X'Y^ = coordinates of intercept; 

X 3 Y = coordinates .of in-bounds point; 
o^ o 



0 



AX - X-coordinate of out of bounds endpoint minus 
and, AY = Y-coordinate of out of bounds endpoint minus Y 



o 
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DISPLAY AREA AW OU-T-OF-BOUNDS OCTANTS 
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If the endpoint is ' in octant 4 or 8^ the X-coordinate 
X''is set to X-axis upper bound X^UB) or X-axis lower bound 
(XLB)^ respectively^ and the Yjcoordinate Y' is computed as: 



:.'Y . -^Al -(X' -X 
o AX o 



. ' If the endpoint is in octant 1^ 3^ 5, or 7., an additional^ 
computation of the same nature is required *o insure that the 
intercept has been properly determined. If both endpoints are 
out of bounds and line segment passes through display area^ as 
illustrated by line segment 



P6P7 



in figure 20^ the appropriate 



intercepts are computed and the segment pf^pt^ is displayed. 




^Pi/oP^/o'^a. 



^ftP'i P^P^ P^Pc PcP't 

0 1, 0 2. 0 3, 0-4, 0.5, 6 7 



REQUESTED LINE SEGMENTS 
ALLOWABLE LI^E SEGMENTS 



XUB'X AXIS UPPER BOUND VALUE FOR CRT 
XLB-X AXIS LOWER BOUND VALUE FOR CRT 

YUB'Y AXIS UPPER BOUND VALUE FOR CRT 
YLB-Y AXIS LOWER BOUND VALUE FOR CRT 
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Another problem occurs in the A/r -centered mod-e, Itie 
entire map, imace- (NAY facility ;» airport^ airway vectors^^ k/C 
symbols, and track) must be reconstructed every fev/ seconds 
as a function of kr' -position chan^'e. If the image were con- 
structed in real time, simulation modules would not be able 
ro maintain the required execution rate.^ 

The execution of i:he cross-country pro.^^ram takes more than 
a frame {66.67 •mii;Lisecond^^. ) -to complete v;hen constructing 
the map. In order' to reconstruct a map without affecting 
simulation module rates, the cross-country program was in- 
^corporated in a special module (ZMOSAOA<") that was made a sep- 
arate task under RTM, lower in priority and unlinked to the 
interval timer or real time clock driving the main simulation 
task (modules), ^inder this scheme, ZMOSAOAC can be executed 
until complete with the main task,^ interrupting at its re- 
quired rates and allowing spare time to ZMOSAOAr for map 
construction. 

' Figures 21 and 22 illustrate ' two^ type's of maps which are 
available under cross-country mode. Figure 21 represents 
facilities and airways, and figure 22 represents parallel . 
runways. Figure 23 illustrates the panel v/hich is used^ to 
vary, map scale and select an airport. The feature of re- 
questing aircraft-centered mode- is also incorporated into 
this panel. 

Since cross ' country required this special t^sk, it was 
decided to incorporate other graphic CRT application programs 
which share variables' and subroutines in ZMOSAOAC; v;hich are 
spatial. Form Ply, GCA, and FEXTRAN. 
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Pigare 23. ' CROSS^COUNrRY SCALE/MODE SELECTION PANEL 

/> ' ' - ■ 

_ GCA Display - This provides the user with a presentation- 
similar to fhe conventional- radar display.' Implementation- • 
was straightforward with no unique problems. Figure 24 
illustrates a GCA display. 



Formation Flying Display - This display has two -images 
of the lead and wing A/C in a formation flight maneuAjer. 
The top image is a plan vijsw and the bottqm image*^s a rear 
view.' The images have three separate range scales which 
change automatically as a function of slant range. -The display 
IS designed- to Srgrve two ^purposes." vThe first purpose is to 
provide relative- position and attitude' data' for instructor 
monitoring. The^se^-cond, purpose" is to assist the user in act- 
ing^ as lead' A/C through the hand controller at th-e AlOS. . * 
The* major innovation here is in the content Qf thg display. 
The image of the aircraft is cona-tructe*d in three dimensions 
,(not a statement^pf work. (SOW) requirement) in order to pro-' 
vid-e angular. and"^depth information, in addition to what couM 
be .provided by stick images^. The only cost is in buffer size - 
(which was la>irge enough due to pther ^display requirements) 
and additional engineerj,ng effort to define a scale model of ^ 
the T-37. ... . ■ . . . 
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Anocl.er display content design innovation concerned 
. J-Sf -If • -ince any transl. cicna L .-notion in .he lead 

n/^yf K f^/^ -^^ cor.fuse the presen.tation, the position 
of. .he lead A/r fixed- in both iist:lay halves. ^irrUaviy ■ 
ro.ationsl notion in the lead AA" v:o ;ld cause the hori-oA \o 
chanje constantly: further-ore, the v/inr A/r. in order to 
.-namtain position/ would trespass into the ^-cr "'^ i s- la- 
causim: confusion. .'Iierefore, iz v;as. decide i to"fix the 
angular -notion (i.e all rotational and translate onal -notion 
IS aisrlayed as rela«;iVe motioh 6f the win,- AA )\ a no'^ ouUe 
'^r^^?;E^r"^'^^'- ■'^^■^^-'^"^ ^^he resulting desirn is that'v;hen' 
.ne AiOo is-usea as lead A/C, the bottom rear end disnlav"" ^an 
be usea.as a s:,^.hetia attitu le inaicator. The hori.on a>KJ 
pi.ch oars and -ne. display exhibi" -he actual lea ! A/r 
.-no. ion. -irare ?: 'illustrates the form.ation f ly^n--" disrlav 
anu iirur^ :o illustrates -he ror-;etwion flyin.^\^ontrol nanll. 

Sps-.ial risrlay - Hnis provides 9 three -iinensional vi^v; 
or aircrait vrack, utili.inr the three-dir.ensional incremental 
jode o: vector veneration. -Lon.--i-/ade is assigned to 
^Zgf assi.aie:i to : v-axis, and latitude is ' 
^h! T.r ' --^^-s- ^^-"ac> data is venerated ^asy^- usinp 

.he latitude, longitude, altitude, and cosine of latitude. 

' i^T :!?® •'^aximurr. number of allowable track noints are 
^rounf i'-h^ nii^'^'^^r^'^'' generated from the data is wrapped 
ar^en;r^p.l '^''V The result is, as the new track points 

are genera. ed.^ the points 5t the start of the track arfe 
eliminated giving the appearance of a sliding track. 
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^ Lf,^^ display allows for rotation about any of the 
three CRT axes v;ith control from the AIOS. The 'rotation is 
performed dynamically in ten-degree increments. Figure 27 
Illustrates the spatial display. . & ■ < 

■ TEXTRAN Display - "mis display provides text translation 
from alphanumeric displays to .graphic display. The process 
consists of editing the alphanumeric 'display data and trans- 
lating ^it to valid graphic display data. 

ASyPT AIP Features • ^ 

The ASUPT system incorporates the most comprehensive 
package of instructional features incorporated in any flight ■ 
training or research sysyfce,;i built to date. Most of 'these 
features are implemented, utilizing the capabilities of the 
preprogramming system. Prior to discussing the preprogram- 
ming system, a brief description of each. ASUPT AIP feature 
IS provided. (See figure '28 for an example of AIP control 
set page). Wie "following paragraphs provide^ in most cases, 
a brief description of each of the instructor-control features 
with addilsLonal information provided for those features posinF 
unique design problems v 
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Malfunction Insertion Features - T\vo 'types of ASl/feT AIP 
malf^anction insertion features are available using ^preprogram- 
ming ''auto-explicit: and auto-probabilistic insertion. 'In the 
auto-explicit malfunction insertion^ the ^Kxser defines t\ie 
simulator conditions under v;hich the malfunctipfi^Vill be 
activated^^-^Jji, the auto-probabilistic malfuncti-on insertion^ 
the user has a choice of fifteen randomly-generated numbers 
against v;hich to establish a test. These numbers are generated 
after any initialization. rhe number range is between zero 
and one. . Phe test may be established as follows: 

(1) IF (Random Num.ber < 0.8) Activate malfunction. 

This example is interpreted as the malfunction has » ) 
an eirhty-percent. probability of occurring. The 
follov/ing is another example. 

(2) I? "(Random Ilumber > 0.8) Activate, malfunction. 
This ":ay be interpreted as the malfunction has a 
twenty-percent probability of occurring. With 
fifteen random numbers avail-able^ the user has great 

• flexibility to establish expectation values for 
malfunctions . 

Variation of Task Dificulty - Five typ^s of 'variation of 
task difficulty provisions are available using the preprogram- 
ming system; dynamics^ motion^ malfunctions^ axis lock^ and 
environment. 

(1) * Dynamics: This feature allov/s user to vary flight 

K-factors'to modify the fidelity of the flight 
equations. Modification of angles affecting moment 
and rate equations is also possible. 

(2) Axis Lock: This feature permits the user to selectively 
freeze any of the aircraft axes (roll^. pitch and/or 
y^vj) and/or set new values of roll ^. pitchy 

and/or yav;. 

'(3) Environment: This feature permits the^ user to modify 
environmental condition^ such as icings turbulence^ 
etc. , 

(i?) Motion: This feature allows use;r to vary motion 
K-factors to modify motion system- performance. 

(5) Malfunctions: This feature allows time-controlled 
insertions of mal:gujictions into specific aircraft 
systems (i.e. electrical^ hydraulic^ fuel^ flight; 
etc.) ^ ^ 
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Performance Feedback - Tivo types of performance feedback 
are available j - aural- and visual. 

(X) 'Aural Feedback: 'This feature allows user to generate 
aural messages from a repertoire of 189 words, whi'ch 
are transmitted to the cockpit headser. 



(2) Visual: This feature allows user to specify a 50- , 
character message to be displayed on the in-cockpit^ 
CRT's. 



Demonstration and Replay - Automated demonstrations and 
student record/playback are the two features available in 
this class. ' , ■ _ "; 

(1) Automated Dernonstrations (Dem® ) :,. TTiis feature simply does 
a playback of a recorded demonstration. V/hen this 
feature is executed, all other cases of the exercise seg- 
-nent (ES) are not executed until the playback is con- 
cluded. Aural feedback may also be requested in this 
leature. rhe aural message will come from prerecorded 
audio tape which corresponds with demonstration. 'Three 
playback speeds are also available. 

(2) - Student Record/Playback: This feature allows user to re-' 
^ cord aD^ playback the performance of the student. The 

user may. not request aural feedback in this feature. 
However, the playback, speed is variable as in DEMO 
feature . 

.0 o5^*^ Recording - This feature allows user to sample up to 

?pnJ?h nr^^*°r''^''^^S^' ^ specified rate and at a specified 
length of sampling. . T^e user also has the choice of output 
device to display the sampled data. 

Maneuver Sequencing - The user is allowed three modes of 
maneuver sequencing; manual, auto-explicit, and auto-computed. 

(1) Manual: This feature allows the user to manually over- 
ride the next maneuver (exercise segment) selection. 
This IS available by using the manual maneuver CRT 
page, or in-cockpit maneuver selection thumbwheels. 

(2) Auto-explicit: This feature uses the order of the ex- 
ercises segments as specified in the exercise table to 
dictate the order of execution of the exercise seg- 
ments. ^ 



(3) Auto-computed: TTiis feature allows the user to define 
a scoring al-ogrithm which computes a raw score for an 
exercise segment for the student. A sequencing sub- 
routine then determines the next exercise segment to 
be executed. The decision is based on a user-generatpcj 
matrix which the sequencing' subroutine utilizes in 
making its "decision. 
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'•'est of ^the features 'lescribed in the preceding para^rraphs 
can be i- r le:rien::o : automatically^ during operation^ using the 
r repro^-ra'vr.inr capability* ?l;e d'esign ob.;'ectives for this sys- 
t-jr. >;ere to rro\^iie z\v^ apf.ropriate capabilities in such a v;ay 
?c to 'tllov; ^^o: his •:icated research capabilities in training 
::e''jhriOlo/^.^ ucill inf a library of automated exercises^ and to al- 
lov. e-'se of orera:.ion for users not prof ic ient ' in computer pro- 
--ra'v.in/ . 

'c :c this^ z\:o 'iesirn problems had to be addressed • Ilie 
first 'iesirn t roGlem v;as to proviae a flexible system, that 
'jo^li easily r^erform the re.raired fanctions iurinr real time op- 
erstion^ : ^^llov. nev; problems to be generated or modifications 
.".a ie to exi.-tir:r r roblem.s throurh the instructor's CR7, (This 
':ai aoili*:;/ ot erat:es in the non-real time fore^^roimd environment 
iurin;/ 3i.m-il'^tor operation.). The seconJ iesirn problem vjas to 
t ro7i ie an interface lanrua^;*e that is useable by persoririel v;ho are 
completely inexr erienced in corinuter^ programmang and yet does 
not limit hi/:hlyjex|jerienced personnel^ because of its simplicity. 

The resulting clesign^^ taking advantage of the computer complex 
3n\ 'issociateti 3oftv:are^ provided satisfactory solutions to both 
these problemis. 

^Ihe preprograrSm.ing system aJ.lov;s the user to develop a 
library of exercises (maximum of thirty),. Each exertise consists 
of a table xvhich defines a minimum of one and a maximum of twelve 
exercise segmients (maneuvers). Each exercise segment has as- 
sociated v;ith it a table v;hich defines a maximum of fifteen 
""cashes". A case consists of FORTRAII statements v;hich make it pos- 
sible to im^plement any or all of the AIF^features within an ex- 
ercise segment. fhe system^ stores exercise tables^ task tables^ 
and cases 'on a disk file^ 'once they are created. This makes it 
very easy to modify ^ny element v/ithin the exercise structure. 
V.Tnen any of these elements are created^ an index page associated 
with the element is updated^ so the user has the capabirity . 
of lookin,^^ at an index of the exercise tables^, task (exercise 
segment) tables^ or cases. ^ l;rhen defining an exercise^ the 
exercise table should be the last element - created . After crea- 
tion or modification of an exercise table^ the complete exer- 
cise- is compiled and catalogued (at exercise segment level). 
Each exercise segm^ent of the exercise will be resident on the 
disk as an ob.^'ect module^ which is ready for overlaying into 
core and executing. 

■• 

The preprogramming system consists of a group , of lov/-priority^ 
non-real-tixme fo]^reground programs. The primary program is 
interactive v;ith A/II CRT. This program allows development of 
exercises and settingr-up specific core tables v;hen a request 
is mad*? for executiofi of a particular exercise. Another program 
updates manual paf'-.e and training exercise A/N f^'RT pages v/hen 
an exercise is executed. Another urogram has the task of per- 



forrainc' -he loading of the'absolute* overlays (exercise secment' 
object code) when an exercise execution is requested. 

The selection of FORrRA.\r allowed us to solve much of tlie usei 
interface problems. First many of the interested users and 
technically-orien-ted instructor Dilots (ip) are probably familiar 
with FORTRA?!. The simplicity of much of the coding' requires 
virtually no learning for those who mi^ht be unfamiliar v;ith 
the language.^ The SPD design overcame most of this b^y the 
incorporation of preformated pages. Each input page 'encount- 
ered by T;he user contains all syntax-required data ag well a§ 
structured statements requiring only data that i^ specific to 
desired results. . . • 

Figures 2Q , 30 , and 31 illustrate oreformatted pares for 
exercise table, task (exercise segment) table, and case, respec- 
tively. Firures 3?, 33, and 34, respectively, give examples of 
how- complete exercise tables, task tables, and cases may appear. 

One of the requirements noted earlier was that the system 
should be interactive. The system is designed to lead the user 
uhrough the steps and processes required for each phase of 
input. During exercise generation or modification, both alpha- • 
numeric CRT's and the associated keyboard are employed. In- 
structions appear on one CRT, while computer requests for user 
inputs and user responses appea-r on the other CRT. All user 
inputs are made via the keyboard once the mode is activated 
Figure 35 illustrates th,e interactive system. 

^ (DESCRIPTION OF EXERCISE TABLE) 



EXERTBLE,//## 

01 TASK,### 

02 rASK,### 

03 TASK-,### • . 

04 TASK,//## . . . 
-V '05 TASK,### ■ 

06 TASK,### ' \ ' 

07 TASK,### 

08 TASK,### 

09 TASK,### 

10 TASK,### 

11 TkSK,m 

12 TASK,## 

*E0S . • 

NOTE: START ENGLISH TEXT DESCRIPTIONS AT THE SYMBOLS 
HO'IE: INSERT EXERCISE NUMBER O'/ER THE '###• SYMBOLS 
NOTE: INSERT TASK NMBER OVER WIE '//##• SYMBOLS 
NOTE: ^ DELETE ALL EXTRA^IEOUS TASKS <z::^ 



Figure 29. PREFORMATTED .EXERCISE TABLE DISPLAY 
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* (DESCRIPTION OF EXERCISE SEGMENT (TASK) TABLE)- 



*EOS 



NOTE 
NOTE 
NOTE 
NOTE 



•TASK,### 

INIT,### 

CASE,### 

CASE,### 

CASE,### 

CASE,### 

CASE,### 

CASE,### 

CASE,### 

CASE,#^ 

CASE,### 

CASE,### 

CASE,### ■ 

CASE,### 

CASE,### 

CASE,### 

CASE,### 



START ENGLISH TEXT DESCRIPTIONS AT THE 
INSERT TASK NUMBER OVER THE '#5^" SYMBOLS 
INSERT CASE NUMBER OVER THE '#5^' SYMBOLS 
DELETE ALL EXTRANEOUS CASES ' 



SYMBOLS 



Figure 30. PREFORMATTED EXERCISE SEGMENT TABLE DISPLAY. 

DATA RECORDING 

IF(ASET.NE.l) EADATA07=.TRUE. 
IF(ASET.NE.l) GO TO 999 
IF( .N0T,EADATA07) GO TO 999 
EADATAON= . TRUE . 
IF( .NOT.EADATAON) GO TO 99S 



IF( 

GAOUTPUT= • 
GARATE='@ >' 
, OATIME=' ' 
GADATA1= 
GADATA2= 
GAMTA3= 

gadata4= 

GADATA5= 
GADATA6 = 
GADATA7= 
EADATA07=. FALSE. 
999 CONTINUE 
ASET=1 



) GO TO 999 



•^EOS 
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Figure .31. 



PREFORMATTED DATA RECORDING CASE DISPLAY 
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EOS 



THIS'EXERPISE IS OF A SERIES OF TASKS INVOLVING ' 

^^'^^ A'^^L TAPES 001 REQUIRED 

no ^AcS^S?" TAKEOFF FROM WAFB, TLIMB TO 7500 FEET, LEVEL OFF 
ni -Ac^^So AIRSPEED ONANGES, MAINTAIN LEVEL FLIGHT 

CONSTANT AIRSPEED CI^IMBS 
0^ .ASi<.,00d CONSTANT AIRSPEED DESCENTS 
nf ^^afv'nn^, MWrm BANKS, MAIN TAIN LEVEL FLIGHT 

07 ^fli^'nn^- 2^^^° ^A^^'^'S^ MAINTAIN LEVEL FLIGHT 

or .ASr.^OOf RATE TURNS TO HEADING 



;i.-^:ure 3?. ' COMPLETED EXERCIS-E TABLE 



nilS SEGMENT CONSISTS OF A TAKEOFF FROM WAFB AND A CLIMB 

.0 7"; 00 F EE^. 

TASK, 001 
INI T, 009 

CASE, 02? DEMO OF TASK 

TAQ^nn? nr.:^ PROB-MALF-LEFT ENG 0;/F]RHEAT WHEN IAS .,?0 KNOTS 
CAS£^,003 ROUGH AIR WHEN ALT IS 3000 PEE T ' - 

CASE, 075 S:Tj PLOT VS. REAL TIME PLOT OF ALT AW IAS 
^ASE,00^. Era; POINT, ALT 7500 FEET AND -R/C ZERO +/- 50 FPM 



^EOS 



Irure 33. COMPLETE EXERCISE SEGf4ENT TABLE 



^ ■ ' DATA RECORDIIIG-AASECO^ID,ALT,KIAS,VERTVEL 

■ IF(ASET.NE.l) EADATA07=. TRTJE. 
IFfASEr.NE.l) GO TO 9*39 
IF(.NO7.EADATA07) GO TO 999 
EADASAON,-. TRUE . 
IF(.r-IOT.EADATAON) .GO TO 9.99 
IF(ALT. LT. 10000. ) GO TO 999 

GAOUTPUr='LP- ' ■, . ■ 

GARArE= '(sAA > ' - ' 
GATIME= '0060' , 
GADA:Al='AASECOriP' 

GADAT'A2= 'ALT ' - ' . 

GADArA3= 'KIAS ' 
GADATA4= '■.^Rr.'EL ' 

aADA:A-3=' ' ^ • , . - 

gadata6=' , ' 

GADArA7=' 
EADArA07=.FALSE. 

999 continue 
aset=i 

*E0S . . 



rOMPLErE ,6a FA RECORDING CASE' 



Figure 3^. 
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P INOICATINC W^eW^OCRAMMEO MOOE 
, E INOICATINC EXECUTION MOOE 



FfLES 

AO! EXERCISE DESCRIPTION 
A02 EXERCISE TABLE 
•A03. TASK TABLE 
A04 INITIALIZATIONS 
AOS. A IP CASES 
A06 TERMINATE PREPROGRAMMING 



/i^NCTlONS 

X INOEX MOOE 
C CREATE MOOE 
M MOOlFYMOOE 



AOl^ X A02 X 
AOI^ A02-C 
AOI^ A02M 



. A03 X 
A03-C 
A03-M 



A04.X A05.X 
A04^: AOS C 
A04^ AOS-M 



TYPICAL FILE Function SELECTIONS 



1 CONTINUE INOt)ClNG 
DETERMINATE INDEXING 



Figure 35. (PREPROGRAMMING INTERAC'TIVE SYSTEM FLOWCHART 

(Sheet 1 of 6) 
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INSTRUCTIONS 
FOR CREATE 
MOOE 








/specify / 

./ 3 01GIT / 
/ RECORONO / 









. USTOFAlP 
DISPLAY CASES 



cot AUTO EXPLICIT 

002 AUTO PROBABILISTIC 

003 VTO-OYN/SMICS 

004 VTO AXIS LOCK ^ 
005- VTO ENVIRONMENT 

006 VTO MOTION 

007 VISUAL FEEOBACK 

008 AURAL FEEOBACK 

009 R/PO^MO - ' 

010 OATA RECORDING ^ 
OH CRT PLOT * 

012 VTO MALFUNCTION 

013 AUTO COMP SEQ. 

014 STUOerJT R/P 

015 ENOPOINT 1 

016 AUTO COMPjVaTRIX 



PWEFORMATTEO 
PAGE 







f 


Turn Off 
P«£ PPOG 
UJGmT 







PiRST PAStOO COCKPIT A 
SECOND PASS 00 COCKf JT E 



r 



£x6RCtS6S FOR COCKPIT A & B ARg 
iAME EXCEPT FOR ABSOLUTE 
AOORESSeS WMfRE THEYARptOBE 
LOADED > 



' y^r:r3 3'^'. '*' PREPJ^0G3A:>iair; IIITERACriVE SYSmi FLOWCHART 

-"^^ (Sheet 4 of 6) 
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I 




EXERCISE OE^CRirr 
INDEX 




PROM 

IN COCKPIT 

INSTRUCTORS 

STATIONS 



ENTER 1 OR 0/ T - CONTINUE INDEXING 
0 TERMINATE INDEXING 



Figure 35. 




1 - EXERCISE DESCninON DISPLAY DESIRED 

0 - Display NOT DESIRED 



EXERCISE DESCRIPTION 
OF SPECIFIED 
EXERCISE 
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PREPROGRAMMING INTERACTIVE SYSTEM FLOWCHART 
■(Sheet 5 of 6)' 

5!) .-^ 



I 



FETCH 

EXERCISE 

TABLE 



SET UP 
STACX 



SET 

CONTROL 
WORO(S) 



FREEZE 
COCKPIT A 
ANO/OR 
COCKWT B 



SAVE EXERCISE 
SEGMENTS NO 



REQUEST LOADING OF 
EXEROSE SEGMENTS 



ACTIVATE 
PROGRAM 
CHANGE 



TURN OFF 
LIB INDEX 
AND 

PRE^ROG 
LIGKTS 



MODIFY MANUAL MANEUVER 
AND TRAINING EXERCISE 
CRT PAGES 



TERMINATE EXECUTION 



•Figure ^5. PREPROGRAI#!ING INTERACTIVE SYSTEM FLOWCHART 

(Sheet 6 of 6) 
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use 



All SOI ^ware inputs needed to satisfy structural aspects 
of the exercises are preformatted with the user entering - • r- 
specific dat^ such as: - ^ . ' 

-V 

X (1) Record Titles": The system as mentioned is actually a . 
series of files structured in the following hierarchy: 
exercise, exercise descriptions, exercise segments, 
^ ^ and, cases. Thus, each new record requires a i:itle 
; - entered on the top two lines of the preformatted 

page. . It should be noted that an index display is 
provided. as part of the system. The generated titles, 
as r.entioned above, are automatically added to the ap- 
propriate index. 

ord numbers: The record numbers are the pointers 
d by the software in the concatenation process. As 
each source file is reneratea or modified, the user 
enters th-e number. - " 

(3) File Assignments: Tie basic functioning^ syntax is 
usually at the case level.' Files higher up in the 
hierarchy are constructed by assigning records of lower 
level files to them. . An exercise segment consists of, 

a series of up to 14 cases. Thus, to generate a seg- • 
ment, the coding contains only the text CASE XyZ (XYZ 
IS the case record n'amber).<. The syntax CASE references 
a file, and XYZ identifies the record number in that- 
file. . . • 

(4) Conditions and Actions: At the case level, the user 
IS generating conditional statements and action state- 

^ments. For the most part, this is preformatted, but 
when It IS not, the user's guide describes the steps 
required to perform the desired action. It should be 
obvious that the designers could not predict all pos- 
sible combinations Qf .condition statements and result- 
ing actions. This much is left to the user. 

Procedures Monitoring (PM) 

Although not originally required by the ASUPT statement 
ot work human engineering des.ign- analysis .conducted during the 
tirst SIX months. of the program .established a need for a PM 
system. The analysis showed that when considering the nature 
°£ training requirements (basic training), a system 

should be available .to the instructor providing an indication 
^ Ox the trainee's actions (steps) during important events (e.g., 
' engine flameout). " ' v & > 

The ASUPT PM system was designed to meet these -requirements, 
me on-lifie program was written in FORTRAN. All possible data 
comparison modes are contained within the one program (branching 
is used ^to select the correct one. based on chetks associated ' 
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with the selected procedure). A data table is provided^ on 

disk^ for each procedure. This oable is loaded to the PM core 

data area upon selection by the user. 'Only one data table is 
core resident at a time. • 

The display portion of PM v;as implemented in a unique 
manner using * the^ capability of the standard CRT display' soft- 
v;are in lieu of special-purpose PM display software. The PM 
program perforT:S checks to determine the sequence in which each 
step is completed. \\Qien a step is completed^ the PM program 
determines how many steps in the procedure have already been 
completed. This number' is then stored in a data pool location 
specifically assigned to PM. The CRT. pages displaying the text 
have as data the names of these variables associated with the 
appropriate st.ep. These pages were generated using the manual 
page preparation program (see figures 3^^ 37 ^ and 38)- 

Automatic Maneuve*r Sequencing 

This system is provided to allow experimentatiqn in tv;o 
areas; lock-step versus adaptive task sequencing^ and perfor- 
mance mieasurem.ent . 

The software is implemented as a subroutine ;vhich is called, 
at the end of each segment of the current preprogrammed exercise 

The algorithm used is derived from previous research^ 
namely APHRL-RT-69-29 ."^ The input data eicists as a matrix 
within the file structui?e of the preprogrammed exercises. Cur- 
rent scores are generated v/ithin cases and are assigned to ap- 
propriate segments. No scoring algorithms are provided with 
^ the system. The responsibility for developing these rests 
with the user.. 

The sequencing algorithm is based on the weighted score con- 
cept. Using the input data which includes task importance^ 
difficulty^ and proportionality in terms of the effect of these 
parameters^ a weight is computed for each maneuver. It should 
be noted that within the' structure of the preprogramming sys- 
*tem a task is equivalent to an exercise segment. . The scores 
developed during each practice of the same maneuver are averaged 
and a dynamic-average weighted score is generated. The algo- 
rithm then selects tasks for subsequent practice^ according to 
the lowest-weighted score (see figure 39)- 



■CONV STA CRT CONT- 



ED 



PROCEDUR€ 
SELECT 





I LONG I VERtIlATRAlI 
AXIS I axis! axis I 




AIRPORT SFLECT CHART SCALE 



• MILES/INCH 



Figure 36. PROCEDURES MONITORING SELECTION PANEL 
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• ;. PROCEDURES MONITORING INDEX , ' , / . 

r 01 9AT-E'nGINE FIRE OR OVE-RHEAJ^.DITRING START 
02 APU-' 

0- 3 EMER GND , EGRESS - » 
64 ABORT TAKEOFF 
'05 'EMER IDG' GEAR RETRACT " T 
06 R ENG-'FAIL TAKEOFF (AIRBORNE) ^ 

••'07 LEFT-ENG FAIL, TAKEOFF (AIRBORNE) 

■ 08 PIGHT- 

■ 09 LEFT-ENG PAILy'FLT •'' 
10/ "RIGHT- /■ ■ 

1- I R ENG FAIL/'FLT 

12 LEFT-ENG FAIL", FLT 

13 RIGHT- , ■ ■ 

14 LEFT-ENG OVHT WARN, FLT 

15 RIGHT- 

16 .AIR RESTART, LEFT 

17 AIR RESTART, RIGHT 

18 AIR RESTART, LEFT (LOW ALT) 

19 AIR RESTART, RIGHT (LOW ALT) 
]0 FORCED LANDING 

1 RUNWAY TRIM 

?2 GO AROUND, .LEFT ENG INOP 
?3- GO AROUND, RIGHT AND INOP 
?4 ASYMMETRIC FLAPS 
^25 'WHEEL BRAKE FAILURE 

26 IDG GEAR EMER EXTENSION * 

27 LANDING WITH GEAR MALE 

28 FUEL BOOST PUMP WARN LT (FLT) 

29 DOUBLE GENERATOR 'FAILURE 

30 MAIN INVERTER FAILURE 

31 HIGH LOADMETER READING 

32 LEFT LOADMETER READING ZERO 

- 33 RIGHT LOADMETER READING ZERO 

34 LEFT ENG OIL SYSTEM FAILURE 

35 RJGHT ENG OIL SYSTEM FAILURE 

36 02 SYSTEM EMER OPERATION 

TO SELECT PROCEDURE, SELECT NUMB'ER IN THE DIGI SWITCH AND DEPRESS 
THE INSERT SWITCH. " 



Figure 37. PROCEDURES MONITORING INDEX. 
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2-ENGI!-:E fire or O'/ERIiEAT DURING 'START .(APU) 
1. ' C THROTTLES -OUT OFf" 

•000000000 C FUEL, SHUrOFF'T' HANDLES-FULL OFF 

N APU-Disr-ournirT 



(A) P-EXGINE FIRE OR OVERHEA T DISPLAY 



1-ENGINE FIRE OR OVERHEAT DURING START (BATPERY) 
1. ' C, THROTTLES-CUT OFF 

000000000 C FUEL SHUTOFF ' T ' HANDLES- PULL OFF 
.000000000 C BATTERY-OFF 
(B) 1-ENGINE FIRE OR OVERHEAT DISPLAY 



Figure 38. EXAMPLES OF PROCEDURES MONITORING DISPLAY 
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SET NO, OF ES 
SET WEIGHTS 




REMOVE ES 
FROM SELECTION 
PROCESS 



WS -WEIGHTED SCORE 

RS .RAWS'CORE 

RS -AVERAGE RAW SCORE 

ES EXERCISE SEGMENT 

A SEQUENCE MONITOR VALUE 

0 STANDARD DEVIATION 

THD THRESHOLD SCORE 



COMPUTE 

WS & Rs 




COMPUTE 
SEQUENCE 
MONITOR 
VALUE 






A - RS • RS 






0 







SELECT 


NEXT 


ES 









IF A <1, REPEAT ES 

IF 1<A<2. SELECT NEXT ES LEVEL 

IF A>2. JUMP2 ES LEVELS 

I 1 REPEAT EXERCISE SEGMENT 

ADVANCE 1 LEVEL 

Ifff^ ADVANCE 2 LEVELS 



RETURN 





Figure 39, EXERCISE SEGMENT AUTO- SEQUENCING' PROCESS 

GG 



I 
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Intelligence exhibited on the 10 X 6 matrix consists of 
raw score^ threshold^ standard deviation^ t^sk importance^ and 
task difficulty. There are twelve values .^qne -for each possible 
exercise segment) for each area of interest/ Intelligence 
elements are defined: 

Ravt> Score - Student's accumulated score (range 0-100) • 

Threshold - Level of proficiency which students score must 
exceed in order to eliminate need to practice a 
particular exercise segment agajLn (range 0-100), 

Standard Deviation - Parameter indicating acceptance levels 

about the established^ mean raw score. 

Task Importance - Establish the relative importance of 

exercise segments within one exercise by 
assigning values 1 thru M to exercise' 
segments (1<M<L2). 

Task Difficulty - Establish_the relative difficulty in, per- 
formance of a maneuver (exercise segments) 
within an exercise by assigning values 1 
thru M to exercise segments (KM^LS), 

•Proportionality cons-tarits (PROPX and PROPY) are also defined 
and used in the weighted scores computation to introduce a 
means of specifying whether the importance or difficulty is 
more .important in the weighted score calculation. (Range 0< 
Value < 1.0). The 'formula, for determining weight is shown below: 

1 

WEIGHT = ^j^_l-PRePY) (Importance). 

(Difficulty) (PROPX) . 

Figure 39 diagrams the sequencing program which selects next 
ex,ercise segment to be executed. Once the weighted score 
jV/EIGHTED SCORE = WEIGHT * RAW ScORE) and average 'of raw scores' 
(RAW SCORE = ( I raw scores )VN, N = # time exercise segment 
executed) are computed, jbhe sequencing program checks the cur- 
rent raw score and compares it' with threshold score for the 
exercise segment. If the raw score is gi-eater than the threshold 
score, the particular exercise segment scored is removed from 
the selection process. TTie sequence monitor then evaluates the 
parameters and generates a -value. A. - If A<1, the current 
exercise segment is repeated. If 1 ,< "A < 2, the sequence is 
advanced one level; ahd if A>2, the sequence is advanced two^ • 
levels. The selected exercise s~egment number is then passed 
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*to the program' which requests exercise segments to be loaded 
into core. Jhe value for the exercise segment is. computed 
using the following 'formula: 

w 

"i. 

"V/here; S = average score; S = current score; and o = 
Standard Deviation for the j exercise segment.^ 

The algorithm which generates raw score values .must be 
provided by the person who. i3 generating the preprogramjnei3 
exercise^ of w^hich this is part. 
» 

RESMCH AREA 

Adaptiye training reserach is a prim^/- area for study. The 
research could address the following area^ 

(1) Develop specif ications ' for ^simulator. task that can be 
varied in difficulty. 

(2) Develop, specifications for me'asurement of trainee, 
performance upor^ which task difficulty will depend. 

• (3) Generate algorithms that will modify diffic*ulty level 
as a function of trainer performance. 

(4) Program these new algorithms. 

(5) Test and Modify each algorithm based upon empirical* 
training data. 

Development in the specified areas would aid in diagnosing 
individual learning modes and processes, and' in generating 
techniques for enhancing learning on an^ihdividual basis.' 

SYSTEM Em^ANCEMENT AND EXPANSION CAPABILITIES 

/ Enhancement of AS^JPT's automated instructional system^ would 
include updating some of the hardware and software elements of 
the system. 

Several advances in.hardvmre design since the establish- ' 
ment of hardware configuration for ASUPT could add more capa- 



beiowf *° the 'total. system. 'Several' of fhe advances are stated 

Pictorial Repeater Instruments On lOS CR^'s ' 

" . Currently, the conventional instructor station provides 
standard, repeater instruments, and the advanced insrriLtor 
llillT P^°^^d^s tabular, alphanumeric displays of parSter . 
values,, It wo^ld be desirable to evaluate the eff ectiven^5i_»^ 
of having CRT, -pictorial (graphic) representations of rep'eaterr^^llr^ 
instruments .Similar to those found on U.'s. Navy T-2C Trainer / 
(Device 2F101).' These CRT displays represent aircraft in- ' ' 

struments &nd other video .fbrms, and are not bound by physical 
• limitations of Wrcraft instruments'. . - ^ ^ p yb±s^<i± ^ 

' ' ' \ 
W' , -/OTRM Voice Synthesizer 

/- • . ^ 

The CogniVfSnics speech -marker, cui'rently on ASUPT, has a 
. ^ very limited Jocabulary (].89 words). /OTRAX, >/hich assemolies 
p^vnSi.^r"' b,asic phonemes or speech sounds , 'can provide - 
a vocabulary limited on'ly by disk storage, - ■ 

Graphid' CRT Hard Copy Device ' " ■ ' . 

' graphic display at the AIOS provides several displays 

th^ ar?he'AT^f '.^'^'h'^' '2 debriefing othe? 

unan at the AIOS, a hard^copy device is needed. 

• CRT -Plot Capability 
. . ■ " . ' ■ ■ ■ " , • ■ • 

^^np^ff ^^°H ^11 capability to the graphic 'CRT vector 

■ " • SonfSi ^ desirable. This capability would be similar to the 

Tc^.il l .^y^*^^,^ feature, except t4^t a hifher resolution system 
. ' -would be provided... This tool could be used 'effectively bv those 

-•• IffiT^""^ rese^rcY. in f light_^mics , motion, and SLr'^re- 

-LaueQ areas • ^ ^ ' ^ 

Additional Software" _ ^ ' , . " 



capabilities for the software of the autXia .ed 
TJ.'ril fystem would require an additional disk storage' 

device. With the addition of a- disk 'drive to the hardware 
conf.igtiration, restrictions, such as the number of allowable 
.preprogrammed exerciser, could be trip'led (as a mi-n'imum^). It 
would also be conceivable to perform record/playback from disk, 
I!Sn?H^ ^n^""^ current librai-y structure ,of the system. This 
would allow the magnetic .ta'pe units to be available for use 
by. background programs, data collection, ' ete. ' The- number of > 
available A/N CR^ pages could also be ii^creased. 

^ The addition of a softwar"fe package which performs output to 
a line printer ajid/or teletype, as directed from a preprogram- ■ 
sjst^m!^' v/ould^ajso add a new dimension to the preprogramming 
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